Much research on the aged relies on interview data. The standard procedure in community studies is to attempt to interview the older subject and, when this is not possible, to interview a surrogate or proxy respondent. Proxy responses are then substituted for those of the missing subject. It is not uncommon for more than 20 percent of older community respondents to be unable or unwilling to participate in health surveys although in most cases, a proxy can be identified and interviewed (1) (2) (3) . Including data from surrogate respondents increases sample size and the chances of obtaining a more representative sample of the study population. To date, however, the reliability of proxy reports for standard questions about health and functional status included in epidemiologic community studies of older adults has received very little systematic evaluation.
Several epidemiologic studies have examined proxy-subject response comparability; most have fo-cused on agreement regarding question areas such as diet, smoking, occupational exposure, and other chronic disease risk factors (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . With few exceptions (14, (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) , this research has not considered proxy-subject agreement on items requiring judgments about health and functional status either in the general population or in the aged. In addition, most studies of proxy-subject response comparability in the aged have been of patients selected from clinic rosters and those in acute and long-term care settings (19, 21-23, 26, 29) . Few studies (24, 25, 30) have evaluated the use of proxies in health surveys of community-dwelling residents; none of these have examined the use of proxies for reporting on health status or physical and instrumental functioning. Given the widespread use of proxies in community-based health studies of the aged (1, 31, 32) , it is important to evaluate the reliability of proxy reports about health and functioning in this setting as well.
There also is very little known about the extent to which proxy characteristics, subject attributes, or the proxy-subject relationship affect response comparability. Several studies have investigated the influence of proxy characteristics such as age, sex, education, income, and relationship to the subject on response comparability in subjects of all ages (33) ; few (19-21, 24, 28, 29, 33) have considered the influence of these and other characteristics on proxy-subject response comparability in older persons. Information of this 284 Magaziner et al. type is needed to identify the most appropriate proxy when alternative choices exist and to help interpret responses from varying types of proxies.
The purpose of this study is to evaluate proxysubject response comparability on survey questions relating to chronic conditions, physical health symptoms, and physical and instrumental functioning in an epidemiologic survey of community-dwelling women aged 65 years and older. The following issues are addressed: 1) To what extent do proxy and subject responses on survey questions about health and physical and instrumental functioning agree? 2) To what extent are observed discrepancies nonrandom (i.e., biased)? 3) How do agreement and nonrandom variation differ by selected proxy and subject characteristics?
METHODS

Subjects and data collection
Subjects included 538 individuals participating in the third home interview of a health survey of older women and a self-designated proxy for each. Participants were identified in 1984 through a simple random sample of households within a 20-census tract area of northeast Baltimore, Maryland. The sample was restricted to community-dwelling, white women aged 65 years and older. A sample of 6,540 households yielded 1,203 homes occupied by at least one woman 65 or older. Of those contacted at baseline, 68 percent (N = 818) consented to participate. Subjects were followed for 3.5 years, being interviewed annually in their homes and twice a year by telephone. A more complete description of the study community, sampling strategy, and subjects may be found elsewhere (34) . At the time of the third home interview (April through June 1986), the 76 percent of subjects surviving and agreeing to participate in the third home interview (N = 623) were asked to identify an individual who knew them well and could answer questions concerning the participant's health. Five hundred thirty-eight (86 percent) proxies were identified, were located for interview, and agreed to participate. Subjects were interviewed in their homes by a professional interviewer; proxies were interviewed separately, face to face, within 3 weeks of the participant's interview.
Subjects and proxies were asked questions about the older subjects' physical health and physical and instrumental functioning. The interviews were identical except that questions asked of proxies were rephrased to refer to the subject. In addition, questions were asked about selected proxy and subject characteristics and the relationship between the subject and proxy.
Measures
Illnesses and chronic conditions. This is a selfreport of the number of illnesses and chronic conditions the subject had at the time of interview. The list of conditions, derived from the Older Americans Resource and Service instrument (35) , included the following 28 illnesses and conditions: arthritis (or rheumatism), glaucoma, asthma, emphysema or chronic bronchitis, tuberculosis, high blood pressure, heart trouble, circulation trouble in arms or legs, diabetes, ulcers, other stomach/intestinal disorders or gall bladder problems, liver disease, kidney disease, other urinary tract problems, cancer or leukemia, anemia, effects of stroke, Parkinson's disease, epilepsy, cerebral palsy, multiple sclerosis, muscular dystrophy, effects of polio, thyroid/glandular disorders, skin disorders, hernia or rupture, emotional or nervous condition, and speech impediment/impairment. Analyses of individual conditions rely on the nine diagnoses for which the patient-or proxy-reported prevalence was 5 percent or greater. The total number of chronic conditions endorsed from the possible 28 in the list was used as a summary measure.
Physical symptoms. Respondents were asked about the presence of 11 health symptoms that they experienced during the past 6 months. These symptoms, which derive from a standard health scale (36) , include frequent cramps in the legs, pains in the heart or tightness or heaviness in the chest, trouble breathing or shortness of breath, swollen ankles, pains in the back or spine, repeated pains in the stomach, frequent headaches, constant coughing or frequent heavy chest colds, paralysis, getting very tired in a short time, and stiffness, swelling, or aching in any joint or muscle. Items were analyzed separately, and a summary measure was constructed to include the number of items endorsed.
Physical and instmmental functioning. Measures of physical and instrumental activities of daily living were derived from the Older Americans Resource and Service instrument (35) and constitute the most consistently measured aspects of functional status in the elderly and disabled (37) . Seven questions were used to assess the subjects' ability to perform the following routine physical activities of daily living (PADL): eating, dressing, grooming, walking, transferring, bathing, and using the toilet Seven additional questions were used to assess the subjects' ability to perform the following routine instrumental activities of daily living (IADL): taking medications, using the telephone, mobility, shopping, preparing meals, doing housework, and handling money. Respondents were asked to rate performance ability on a three-point scale of without assistance, with some assistance, or corn-Use of Proxies to Measure Health and Functioning 285 pletely unable to perform. Individual items were analyzed dichotomously as able to perform independently versus completely unable to perform or able to perform with some assistance. PADL and IADL summary measures also were computed by using the three response categories and summing across the seven items. Scores on these measures range from 0 to 14, with 0 representing complete independence on all activities.
Subject and proxy characteristics. The Mini-Mental State Examination (38) score was used to assess the cognitive status of subjects. The test is scored on a 30-point scale, with 23 or less indicating the presence of cognitive impairment. The Center for Epidemiological Studies Depression Scale (39) was used to measure affective status. Scores on the scale range from 0 to 60, with a score of 16 or greater indicative of depression. Proxy characteristics examined include age, sex, relationship to respondent, whether living with respondent or not, and, for proxies not living with respondents, frequency of visiting within the past month.
Data analysis
To assess response comparability for the categorical measures, Cohen's kappa statistic was calculated. For continuous measures, the intraclass correlation (ICC) coefficient was used as an index of agreement. These agreement statistics indicate the proportion of the variance in the response that can be attributed to betweenrespondent variation, as opposed to within-respondent variation (i.e., disagreement between the respondent and proxy). The kappa statistic also can be interpreted as the proportion of agreement beyond the amount that is expected by chance alone. Both kappa and ICC range from less than 0 to 1, with 1 indicating perfect agreement. The kappa and ICC values correspond to levels of agreement as follows: ^0.81, almost perfect agreement; 0.6-0.8, substantial agreement; 0.4-0.6, moderate agreement; ^0.4, slight to fair agreement (40) . These guidelines, although arbitrary, are useful for deciding where the use of proxy information could seriously jeopardize the integrity of the data. The cutoff point selected for marking unsatisfactory agreement is 0.4. When the agreement statistics are 0.4 or less, the implication is that more of the variance in response is attributable to respondent-proxy disagreement than that associated with any respondent characteristic.
To examine whether proxies systematically underor overrate subject health and functional status relative to the subjects' own ratings, the percentage of bias was compared. For categorical measures, the percentage of bias was calculated as the ratio of the difference between the proportion of positive responses of proxies and subjects expressed as a percentage of the proportion of subjects responding positively. For continuous measures, the percentage of bias was determined as the difference in means between proxies and subjects expressed as a percentage of the subjects' mean. A positive bias indicates that proxies reported the presence of an item more often than subjects did. McNemar's chi-square test (41) was used to determine the statistical significance for the categorical measure of the percentage of bias. The paired t test was used to assess the statistical significance of bias for the continuous measure. The standard error used for kappa is that given by Fleiss et al. (42) , and the standard error of the ICC is that provided by Dormer and Wells (43) .
RESULTS
The respondents, all white women, had an average age of 75 years; 44 percent had completed at least 12 years of education. Fifty-two percent were widowed; 32 percent lived alone. Seventy-eight percent lived in a single family dwelling, averaging 35 years in the same neighborhood. Ten percent scored in the impaired range (<23) on the Mini-Mental State Examination, and 16.7 percent scored in the depressed range (>16) on the Center for Epidemiological Studies Depression Scale.
Of the proxies, 61 percent were female. Their average age was 59 years; 98 percent were white, and 69 percent had completed at least 12 years of education. Ninety-three percent of proxies were related to the respondent; this included spouses (26 percent), offspring (42 percent), siblings (13 percent), and other relatives (12 percent). Proxies and respondents knew each other on average 48 years, with only 10 percent of the proxies knowing the respondent less than 30 years. Fifty-seven percent of proxies did not live with the respondent; those who did had done so for an average of 35 years. Among those not living with respondents, 58 percent had visited with them on 5 or more days during the past month.
Respondent-proxy agreement
For all health status and functioning questions compared, at least 97 percent of proxies were able to provide information about the subject's status. In tables 1-3, the extent of proxy-respondent agreement for the measures of health and functional status is shown. Substantial to almost perfect agreement (kappa > 0.6) was observed for five of nine chronic conditions, no health symptoms, six of seven PADL, and seven of seven IADL. Slight to moderate agreement (kappa < 0.6) was observed for four of nine chronic conditions, 11 of 11 health symptoms, one of the PADL, and none of the IADL items. The ICCs for all four summary measures were in the range of substantial to almost perfect agreement, with the ICCs for PADL and IADL summaries, 0.87 and 0.89, respectively, in the almost perfect range. Among the nine chronic conditions, the greatest agreement (kappa > 0.7) occurs for diabetes, heart trouble, thyroid or other glandular disorders, and emphysema or chronic bronchitis, with relatively poor agreement (kappa < 0.4) for emotional or nervous conditions. For the PADL, the highest levels of agreement (kappa > 0.8) were observed for transferring and dressing; agreement on the IADL was highest (kappa > 0.8) for meal preparation. Agreement levels for health symptom reports were uniformly low. The highest agreement was for paralysis (kappa = 0.59); the lowest was for constant coughing or frequent heavy chest colds (kappa = 0.24).
Response bias
The systematic over-or underreporting of conditions, symptoms, and functional abilities (i.e., bias) is shown in the last column of tables 1-3. Examination of bias across question areas indicates that with few exceptions, proxies are more likely than the respective subjects to report that a condition, symptom, or disability is present in the subject. Only one of 12 proxysubject comparisons in which the percentage of bias is statistically significant (p < 0.05) had a bias in the opposite direction (pain in the back or spine); four of 22 other comparisons (diabetes, frequent cramps in the legs, frequent headaches, and bathing) were in the opposite direction. The bias in summary measures is consistent with this general pattern of overreporting by proxies. The health symptom summary measure indicates a small and not statistically significant bias in the opposite direction.
Agreement and bias by question area
The median kappa and interquartile ranges of kappa for each area of health status examined are shown in figure 1 . The median bias and interquartile ranges for bias in each health status area are shown in figure 2. These figures identify relative differences and similarities in kappa and bias across areas of health status. Proxy-respondent agreement was greatest for PADL, followed closely by IADL and chronic conditions (figure 1) . Agreement on health symptoms was the lowest of the four areas compared. Proxies consistently overreported chronic conditions, PADL, and IADL compared with respondent self-reports ( figure 2 ). In contrast, considerable underreporting of health symptoms by proxies was seen for certain items.
Proxy and respondent characteristics associated with response agreement and bias
Comparisons of the proxy-respondent ICCs for each summary measure by proxy and respondent characteristics indicate that correlations for some proxy subgroups are higher than for others and that the differences vary by question area (table 4) . Male proxies agreed more with respondents than female proxies on all areas of questioning, with statistical significance achieved for PADL. Proxies living with respondents had closer agreement with respondents for questions on chronic conditions, physical symptoms, and PADL; statistical significance was achieved only for PADL. Although not statistically significant, it appears that among proxies not living with respondents, agreement was greater in those who visit together more frequently for questions on physical symptoms, PADL, and IADL, but not for chronic condition questions. Compared with younger proxies, those proxies aged 60 years and older provided responses to PADL questions that were closer to those reported by respondents; the age of the proxy was not associated with proxyrespondent agreement for other question areas. Re- spondent mental status was not associated with proxyrespondent agreement for any of the four question areas, although there was a tendency toward poorer agreement when respondents had cognitive limitations. When respondents had high levels of depressive symptoms, proxy-respondent agreement was greater for IADL {p < 0.05); for other question areas, the trend was in the opposite direction.
The associations of proxy and respondent characteristics with proxy-respondent bias are shown in table 5. The only statistically significant difference occurred for questions on chronic conditions; there was significantly more overreporting by female proxies, those less than 60 years old, children, those not living with respondents (p > 0.05), and among those not living with respondents, in those who visited more fre- quently. Differences in bias by proxy characteristics for other question areas were relatively small and not statistically significant; however, there was a tendency for proxies visiting with respondents less often to overrate IADL disability and underrate health symptoms compared with respondent self-reports. Proxies also appear to overreport PADL and IADL disability when subjects have cognitive limitations and to underreport physical symptoms when respondents have a high level of depressive symptoms.
DISCUSSION
Results indicate that although proxies are able to report most accurately on areas of health and functioning that are observable and likely to be known by others, such as physical and instrumental tasks of daily living and chronic conditions, proxy reporting on health symptoms (often not observable and not discussed with others) is less accurate. Proxies also can report more accurately than the subjects themselves when questions are asked in a clear and unambiguous way. Agreement is best for tasks of daily living that involve concrete and easily observed tasks, such as dressing and walking; agreement is worst for questions that are asked in a vague or general manner, such as those related to grooming and handling money. Chronic conditions and health symptoms are somewhat different from tasks of daily living since they are not easily observed by others. Agreement is lowest for those conditions that are relatively private and not likely to be discussed, such as a nervous or mental condition and rupture or hernia, and those that are very general, such as arthritis and rheumatism. Although proxy-subject agreement is low for all health symptoms, agreement is somewhat higher for specific symptoms that are more likely to be discussed and t Least number of subjects available for the four comparisons. In no case did the maximum number exceed this by more than seven subjects.
$ PADL, physical activities of daily living; IADL, instrumental activtties of dally living.
observed, such as leg cramps, breathing difficulties, back or spine pain, swollen ankles, and paralysis. Proxies are particularly poor at reproducing subject reports for generalized aches and pains in the head, chest, stomach, and muscles or joints. When bias was observed, it generally was in the direction of a proxy overreporting the presence of a condition or functional limitation compared with a subject's self-report. This general pattern was observed for separate chronic condition and functional status items. For health symptoms, the pattern was less consistent, which may explain why the overall pattern for symptoms is different than for other measurement areas.
These results comparing proxy reports of health and functioning with a subject's own reports for this sample of community-dwelling aged are consistent with results from studies of subjects selected from clinic rosters and hospital and nursing home settings and add to the robust nature of results on proxy reports of health and functioning for older subjects. These studies also indicate that the more objective the question and the more concrete and easily observed the task or condition, the closer a proxy's response will be to a subject's report (20-24, 29, 33, 44) and that proxies generally rate levels of disease and disability higher than subjects report for themselves (19-24, 28, 29, 33, 44, 45) .
Consistent with similar findings reported elsewhere (33, 44) , differences were noted by subject and proxy characteristics, with unique patterns seen for different measurement areas. Agreement across question areas was generally better when the proxy was a male and living with the subject. Evidence of bias was restricted to reports of chronic conditions in which female proxies less than 60 years old, children, and those visiting frequently reported more chronic conditions compared with subject self-reports. To date, the number of stud- ies that have examined differential response agreement and bias by subject and proxy characteristics have been few (33, 44) ; hence, it is difficult to identify any general pattern of agreement and bias by subject and proxy characteristics.
Several caveats are in order. First, this study was of proxy reports for 65-year-old and older communitydwelling women in one urban community who survived and continued to participate in a third follow-up interview of a 3.5-year prospective study; findings may not be generalizable to proxy reports for all older women in the community, for older men, or for persons in other settings. The 538 respondents in this project represent a cohort of surviving participants. As expected, at baseline this group was slightly younger, had fewer chronic health problems and health symptoms, and reported fewer PADL and IADL deficits compared with those not followed. Although these factors constitute a potential shortcoming, this is the first study of proxy reporting on health and functional status for a sample of aged community dwellers. The proxy reports that were compared with subject selfreports in this study could not be validated since no gold standard of health status or functional ability was available. In the absence of such a gold standard, one is left with an evaluation of reliability of proxyderived data as a substitute for subject-derived information. To address issues of validity, studies comparing proxy reports and subject self-reports with performance-based assessments of functioning, medical records, medical examinations, and provider reports are needed (46) . Finally, in this study, proxy reports were compared with the reports of subjects who were enrolled in a study and able to report for themselves. How well proxies can report for subjects who refuse participation, cannot be located for study, or are too ill to provide their own responses remains a problem confronting all research of this type.
Despite these potential shortcomings, results from this study of community-dwelling aged women provide supporting evidence for a general model of response agreement and bias (44) . According to this model, both agreement and bias are a function of the specific question, proxy characteristics, and subject characteristics. When considered along with data from studies of proxy-subject agreement and bias conducted on subjects drawn from clinic rosters, hospitals, and nursing homes, it is evident that researchers using information from proxies must take steps to improve agreement and reduce bias. They also must carefully evaluate the impact of including proxy-derived information. Several strategies for improving response comparability and evaluating the impact of including proxy-derived data have been suggested (44, 47) and include designing questions to be more objective and built on observable components and conducting pilot studies that compare responses of typical proxies and subjects. As the population ages and increasing numbers of older persons are not able to provide information about their own health and functional status, it will become increasingly important to identify alternative sources of research data that are accessible and reliable.
